The objective of this study is to evaluate sand encroached degradation in arid-land, with a predominantly agricultural ecosystem, using geospatial technologies. The study primarily involves the assessment of land degradation severity, severity change dynamics and temporal land-use change patterns, such as growth or shrinkage. Land use/land cover (LULC) change dynamics were analyzed for eight featured classes, derived using a K-means supervised classification method. Overall accuracy and kappa statistics obtained were 91.68% and 0.904 for the year 2001, while 90.85% and 0.896 for year the 2006. The analysis revealed that change dynamic patterns were highest for sand-affected areas and built-up classes, showing positive trend and an overall change of 8.92% and 5.34%, respectively. Degradation severity change dynamics and change patterns clearly showed an increasing trend in highly severe degradation areas (dynamic change 5.55 km 2 /change pattern 0.093%), followed by severe degradation (dynamic change 31.22 km 2 /change pattern 0.52%). However, the maximum change was observed in moderately severe zones. 
INTRODUCTION
Arid and semi-arid climatic regions are more susceptible to environmental changes, such as degradation and conversion from one land use to another, and even desertification over a long time period. 1 In the diverse climatic zones of India, study areas have arid and semi-arid climatic conditions, where degradation prevailing conditions make these areas interesting to research. Total degraded land in India caused by various factors, such as sand spread, salt affected, waterlogged areas, ravine lands and shifting cultivation is estimated to be 175 million hectares. 2 Degradation is affected by many driving forces, directly or indirectly, these include soil condition, water availability, vegetation covers, biodiversity loss and socio-economic conditions. 3 The severity level of land degradation is also caused by sand drift potential 4 and the migration of sand dunes. 5 However, it has been proved that there is no systematic sand encroachment that would cause desertification. 6 Sand encroached degradation means degradation caused by sand that covers land that was previously devoid of sand, sometimes resulting in desertification. Responses from these driving factors lead to stress conditions which severally impact land-use categories and their utilization, causing degradation either through soil loss (erosion, sealing, movements) or soil conversion (acidification, etc.). 3 Dregne, 7 worked on the degradation classification system based on vegetation covers, climax species and others. Grazing cattle are common in these areas and will destroy vegetation due to pastoral activities of the nomadic societies. 8 Ho and Azadi, 9 consider the role of natural factors such as temperature, wind velocity, rainfall, as well as socio-economic factors. Azadi et al., 10 demonstrated the intensified loss of agricultural land in developing countries which was in rapid economic growth, and are going through a transition state in their economic structure. Ram and Kolarkar, 11 monitored land-use changes in arid Rajasthan using Landsat and LISS-II images during [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] and in other study they concluded the sharp depletion and decline in ground water which render fertile irrigable crop-fields in to dry land. 12 There is indication of steep-line shift from sub-humid to arid climate in Jhalawar District near Jhunjhunu, Rajasthan. 13 Ram 14 has also visually interpreted Landsat MSS satellite images for land-use changes in Siwana region, Barmer district of Rajasthan during 1972 -1975. Kumar et al. 15 demonstrated desertification in the region due to sand dune movement and confirmed its spread during summer time is more than winter where vegetation covers decreases. Ram and Kolarkar 11 estimated increase of dry land in arid region during 1979-1990, which was later confirmed due to sharp decline in ground water. 12 The changing land use pattern of the region is examined in relation to the trends in rainfall and temperature in and around the region. 16 Degradation monitoring and assessment along with soil analysis and vegetation complexity were performed in semi-arid zones using Landsat imagery. 17 Raina et al. 18 used Landsat TM imagery to map the type, extent and degree of degradation. Use of multi-sensor and temporal satellite data sets also provides tools for future prediction of regions susceptible to desertification. 19, 20 Incorporation of temporal datasets has become an important aspect in assessing the change analysis. 21 -24 Yang and Lo 25 used an unsupervised classification technique with a GIS-based image reclassification, and subsequently undertook post-classification using GIS overlay to map spatial urban land-use/landcover changes. 26 -28 Analysis of vegetation indices like NDVI for better interpretation has been demonstrated with temporal dataset in arid and semi-arid environment. 29, 30 Visible band data provide most accurate information about spectral change of semi-arid or arid area. 31 For example the normalized difference between the visible red and visible blue band can be used to produce a Crust index (CI) equation to distinguish vegetated or water surfaces from bare soil. 32 Many studies were performed with different methods and techniques for studying the migration of sand dunes, 5 modeling of sand movement through deserts sandy desertification using remote sensing and GIS. Traditional methods used were ground verifications, field visits and surveys. These traditional methods were limited by cost and human resources associated with the lengthy duration of the studies. 33 Earlier remote sensing images, like Landsat, having a spatial resolution of 75m could monitor or detect the variation in sand dune and sand spread areas when it has been longer than 30 meters.
In the present study, the land use categories and its change dynamics with spectral information such as NDVI, NDSDI, GSI and CI have been utilized for the degradation assessment and degradation changes pattern in time period 2001 -2006 .
The study area
The research area is located in the western part of India at 338m above mean sea level spanning the region between 27838 0 N and N and 75802 0 E to 76806 0 E ( figure 1(A) ). Topographic maps used in this study were NH 43-15, and NG 43-3, downloaded from the library of the University of Texas (as shown in inset map of figure 1(B) ). The scale of the topographic maps used were 1:250 000. The region is classed as both arid and semi-arid, with minimum temperatures ranging between 2 and 10.58C during winter, while the maximum temperature ranges between 37 and 458C during summer. Mean annual rainfall of the region is 444.5 mm. The surface area of Jhunjhunu district is 5,928 sq km, which is 1.73% of the total geographic area of the State Rajasthan. The population in 2001 was 1.91 million, increasing to 2.02 million in 2006, of which 79% was urban population and 26% rural population. Jhunjhunu district has 6 blocks: Nawalgarh, Udaipurwati, Chirawa, Khetri, Jhunjhunu and Buhana. The landscape of the district comprises of Aeolian plain, rolling hills and pediment areas. The western part of the district (West of river Kantli) consists of sandy plains of Aeolian origin covering almost half of the district area, and the north-eastern part of the district consists of rolling hills. The region experiences different soil types, such as desert soil, which occurs extensively in the central part of the area. These are yellowish-brown in colour, sandy to sandy loam, loose, structure-less and well drained with high permeability. Sand dunes generally found in the northern part of the district covering parts of Buhana and Chirawa blocks. These are non-calcareous soils, sandy to loamy sand, loose, structure-less and well drained lithosols. They are shallow with gravel very near the surface, light textured, fairly drained, reddish brown to grayish brown in colour and belong to the Eutrisol order. Red desertic soil covers parts of the Jhunjhunu and Nawalgarh blocks. These are pale brown to reddish brown in colour, structure-less, loose and well drained, having texture from sandy loam to sandy clay loam. Older Alluvial soil is found in the southern most part of the area, namely in the Khetri, Udaipurwati and Nawalgarh blocks. They are derived from alluvium and are non-calcareous, semi-consolidated to unconsolidated brown soils, loamy sand to sandy loam in texture. North-eastern parts of the district are covered with sandy soil and longitudinal dunes. These regions were characterized by very low rainfall, high air and soil temperature, intense solar radiation and high wind velocity. Wind direction in Jhunjhunu is south-west to north-east. Agricultural activity is spread over both kharif and rabi cultivation. Kharif cultivation is rain-fed and rabi cultivation is generally based on ground water. The region is confronted with primary challenges of degradation because of a fragile ecological environment due to the arid climate, water deficiency, drifting and accumulation of sands. The above reasons make this site interesting and the motivation for the study.
MATERIALS AND METHODS
Remote sensing data acquisition and pre-processing The study was conducted using Landsat ETMþ satellite data from the year 2001 and 2006, available from the Global Land Cover Facility. The images have a spatial resolution of 30m and a spectral range between 0.45 -2.35 mm. Full satellite coverage of the study area was performed with four mosaicked Landsat scenes (each scene covering a 185 km 2 £ 185 km 2 area). A vector layer describing the spatial extent of Jhunjhunu was used to subset the imagery to the area of interest (AOI). Correction to the satellite imagery includes image enhancements and atmospheric corrections. The radiance images were converted into reflectance images used for spectral information and analysis.
Dynamic change analysis
Land features change from one feature to another due to natural disturbances or human-induced phenomenon, which results in dynamic change. The pattern of dynamic change is based on the amount of change observed between the time intervals. If the change is increasing then it is positive or if it is towards a decreasing trend, then changes are negative.
Land use/land cover classification LULC maps were generated from 2001 and 2006 Landsat ETMþ imagery using training samples, and supervised classification was performed with maximum likelihood classification ( figure 1(B) ). Spectral signatures were recorded for each class as training pixels and subsequently validated for accuracy assessment. The temporal classified images were used for differentiating different feature changes over 6 years. The image differencing techniques were applied on, before and after image, using thematic properties. The user accuracy, producer accuracy, error of commission, error of omission, overall accuracy and kappa statistic were computed for the reference and classified classes. 34 Errors of commission refer to pixels that belong to another class but were incorrectly labeled as belonging to another class. An error of omission refers to pixels that belong to a particular class but fail to be included within that class. 35 Kappa coefficient (K) is a discrete multivariate measurement technique (Eq. 1) used in accuracy assessments. 36 For instance, K . 0.80 represents a strong agreement and good accuracy with the results, if K is between 0.40 -0.80 the result is middle ground and K , 0.40 is in poor agreement with the results.
Kappa statistics ðcoefficient of agreementÞ
Where, r is the number of rows in the matrix, x iþ are the marginal totals of row I, x þi are the marginal totals of column i, x ii is the number of observations in row i and column I, and N is the total number of observations.
Spectral Indices
The satellite images were processed accordingly for calculating spectral indices including NDVI (normalized difference vegetation index) and NDSDI (normalized difference sand dune index) using ERDAS IMAGINE w 9.1 and ESRI's ARC GIS w software.
Normalized Difference Vegetation Index NDVI vegetation index was applied in the study for the purpose of vegetation analysis-agricultural and forest parts. The index is based on the normalized difference between the RED and the NIR spectral values, which are based on the reflectance in near infrared radiation and the red visible range. 37 Jackson and Huete 38 reported that successful use of indices require knowledge of units of input variables, as well as an understanding how external environment and the architectural aspects of vegetations canopy influence and alter the computed index values. These all depend upon the internal structure of leaves and water content. NDVI is expressed as:
Where RED is the reflectance of red (band3: 0.63-0.69 mm), and NIR is the near infrared (band4: 0.75 -0.90 mm) of the Landsat ETMþ sensors. The differential reflectance in these bands provides a means of monitoring density and vigor of vegetation. 39, 40 Values from 2 1 to 0 (zero) demark areas with no vegetation and values from 0 to þ1 represent vegetated areas.
Crust Index
Crust Index (CI) (Eq. 3) is based on the normalized difference between the red and the blue spectral values of the imagery. 32 CI, when applied to the remote sensing imagery, is capable of detecting and differentiating between different lithologic/morphologic units, such as active crusted sand areas, which are expressed in the topography. Karnieli 32 demonstrated that CI is a powerful index to map geological features and is more sensitive to ground features than the wavebands comprising the original image. The CI value ranges between 0 to þ2, but typically is between 0 and 1.
Grain Size Index The GSI was specifically designed for using Landsat TM/ETM þ data. The GSI is as follows:
Where, R, B, and G are the reflectance of the red, blue and green bands of the Landsat TM and ETMþ sensors. GSI value is close to 0 or a smaller value in vegetated area, and for a body of water it is a negative value. Higher positive values of GSI represent the sand affected region. 41 The difference between band R and B in the GSI equation illustrates the difference between vegetated or water surface and bare soil, while the accumulation of the reflectance in the R, G and B bands helps in differentiating the topsoil with different grain size composition.
Normalized Difference Sand Dune Index
To identify and assess the existence of the sand dune accumulations and sand spread, a new index NDSDI 42 is used in this study. The suggested index based on the normalized difference between the RED and the short wave infrared (SWIR) spectral values. This index is aimed at differentiating between sand dune accumulations, bare soils, and other types of soil. NDSDI can be expressed as:
Where R is the reflectance of red (band3: 0.63-0.69 mm) and SWIR is the short wavelength infrared Table 3 is relevant in providing the dynamic change and patterns of changes in percentage. The negative change patterns were shown by agricultural area, fallow land and dense forest of 2 8.650, Table 5 . CI and severity level of the sand spread in region.
Vegetation index (NDVI) of the study area
The NDVI maps of the study site were illustrated in figure 3(A, B) (D) , respectively. The NDSDI image is further classified into 6 classes for each respective year as shown in figure 3(E, F) . Table 4 illustrates the severity levels that were classified into six levels for 2001 and 2006, whereas table 5 represents the severity level for each block for the two corresponding years. Level I gained in area of 5.558 km 2 , with a 0.093 % growth in severity. Level II showed an increase in areal extent of approximately 31.226 km 2 with a positive growth pattern (0.527%). The degradation severity change dynamics and severity change patterns clearly show an increasing trend towards highly severe (5.55 km 2 and increased to 0.093%) and severe level (31.22 km 2 and increased to 0.52%), whereas the maximum increase was seen in the moderately severe zone (2828.45 km 2 ), which increased to 47.78%. The no degradation and less susceptible zones have shown a decrease in areal extent to 55.15%. The maximum change is seen in the level III, moderately severe zone, which has gained an area of 2828.452 km 2 with 47.785% degradation severity pattern, which is approximately half of the total values. Likewise, a similar result is shown by level IV. The negative pattern, which clearly depicts the scene of conversion from less susceptible areas to other levels, initially in 2001, show these levels have 36.39% and 26.52% of total area contribution. The results clearly illustrate that areas from each level have been either converted into other levels naturally and by anthropogenic activities. Table 3 
CONCLUSION
This study clearly depicts the severity of land degradation due to sand spread in blocks, in the Jhunjhunu district in Rajasthan, representing a threat to the agricultural area and a potential decline in productivities. Increasing land use patterns were affected by the sand encroachment region of India, where degraded land is rapidly expanding. One land feature changes to another either due to natural phenomenon or human-induced phenomenon and results in dynamic change. The pattern is based on the amount of changes from an earlier state to a later state. Either feature extends its occupancy in positive trends or if the feature extent declines compared to earlier status, this represents negative trends. The potential vegetation cover decreases with decreasing species, in frequency and numbers, barren and fallow-land were not untouched by degradation effect. So, vegetation cover is highly susceptible to land degradation, and the same conditions exist for barren and fallow-land. Here, LULC dynamics change patterns and trends were in parallel discussion with land degradation severity changes and patterns. It will be not validated without basic skeleton LULC and its changes patterns in the region. LULC does have an impact due to land degradation, and it has an impact on vegetation covers, agricultural and fallow-land, which were engulfed by degradation in areas that were considered either highly susceptible or susceptible on occasion to degradation.
The above study shows that land use changes and degradation are interrelated. One factor affects others causing either a decrease or increase. Similarly, land use is converted into other classes during 2001-2006 and their status was changing in either positive or negative trends.
The degradation severity change dynamics and change patterns, as shown in Table 4 , clearly indicate an increasing trend for highly severe (dynamic change 5.55 km 2 and change pattern to 0.093%), severe (dynamic change 31.22 km 2 and change pattern 0.52%), whereas the maximum increase was seen in moderately severe zones (2828.45 km 2 ), which is 47.78%. No-degradation zones and less susceptible zones have shown a decrease in areal extent contributing 55.15% loss to other zone. Similarly table 5 illustrated increase in level 1 (highly severe zone) and decline in the less degradation and no-degradation zones from 2001 to 2006 in blocks of the district. Spectral index CI and GSI were also incorporated to see the degradation severity as well as the sand affected regions as shown in figure 5(A, B, C, D) . The vegetation, dense forest, cropland (GSI value ¼ 2 0.4) and water (GSI value ¼ 2 0.1), show smaller or even negative GSI values (GSI value range from 21 to 1). In contrast to this, sandy, desert area and sand affected region shows higher GSI values, close to 0. Spectral index NDVI was also applied to look for the vegetation aspects and its spread in the region for both years. NDSDI results were interpreted and for achieving the best results, these are again reclassified for exact status of sandy area or degraded area. Based on the above results and discussions, it can be concluded that tendency for degradation has been more in an east direction as well as northeast direction. It can be observed through NDVI maps also, which shows less vegetation in these directions and also through CI and GSI index maps indicating increase in its values towards east and northeast directions. Pattern of change is generally seen in these degraded affected directions as well. It clearly depicts the status of the areas that were classified as lower levels of sand degradation were converted to other higher degraded level. Thus, the use of geospatial techniques provides temporal analysis and region monitoring with synoptic view, for evaluation of sand spread.
